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（3）制备的 CrN、ZrN、AlN 金属氮化物涂层均为单相，CrN 和 ZrN 为 fcc


















































Magnesium is one of the resources which are relatively abundant and widely 
distributed on the earth. Magnesium alloy is regarded as a great potential material in a 
wide range of applications such as automotive, aerospace, and computer parts due to 
their high specific strength, high damping capacities, good castability and 
machinability, excellent electrical conductivity. However, high chemical activity, poor 
corrosion and wear resistance, particularly when exposed to an aggressive 
environment, severely limits their widespread application. At present, the surface 
treatments used for magnesium alloy are: chemical conversion coating, anodic 
oxidation treatment, electroplating and so on. Physical vapor deposition (PVD), as a 
kind of environmentally friendly modification technology, is developing into a main 
method of thin film industrialization. 
In this work, magnetron sputtering was used to prepare several protective coatings 
on AZ91D magnesium alloy. Field emission scanning electron microscope (FESEM), 
X-ray photoelectron spectroscopy (XPS) and X-ray diffraction meter (XRD) were 
applied to characterize the surface and cross-sectional morphologies, composition and 
phase structure. The adhesion of the coating with the substrate was also tested using a 
cross-cut adhesion test. Electrochemical analysis method, hydrogen evolution test and 
salt spray test were used to study the corrosion resistance of the bare magnesium alloy 
and the coating ones in the sodium chloride solution. In addition, their corrosion 
mechanism was explored. The main research results are as follows: 
(1) Phase structure transforms from Cr to Cr2N, and to CrN finally with 
increasing nitrogen flow percentage. The surface morphologies of CrNx coatings are 
uniform and the cross-sectional morphologies reveal a similar ordered columnar 
structure. Cross-cut adhesion test shows that the coatings didn’t peel off or largely 
detached from the substrates, which proved that the adhesion between the coatings 















potential of CrNx coatings moves from a negative value to a relatively positive value 
with increasing nitrogen flow percentage. And the CrN coatings have the best 
corrosion resistance in the electrochemical test. However, hydrogen evolution amount 
increases dramatically and severe corrosion occurs with the increase of time of 
contacting with the corrosive medium, which show CrNx coatings accelerate the 
corrosion process of magnesium alloy.  
(2) A set of relatively suitable test methods to evaluate the corrosion resistance of 
PVD coating magnesium alloys was found out. Electrochemical potentiodynamic 
polarization curve, hydrogen evolution test and salt spray test were used to 
comprehensively characterize the corrosion resistance of PVD coating magnesium 
alloys. Electrochemical potentiodynamic polarization curve firstly was used to 
characterize the short-term corrosion resistance. It could quickly obtain the 
information about the corrosion potential and corrosion current density, etc. 
Hydrogen evolution test and salt spray test relate to long-term steady state corrosion, 
which evaluate the corrosion resistance of coatings on magnesium alloys 
respectively by hydrogen evolution amount per unit area and the appearance of 
ratings. 
(3) The prepared CrN, ZrN, AlN metal nitride coatings are single phase. CrN and 
ZrN are fcc structure. And AlN coating is hcp structure. The surface morphologies of 
the coatings are uniform and cross-sectional morphologies reveal a similar ordered 
columnar structure. Cross-cut adhesion test shows that the coatings didn’t peel off or 
largely detached from the substrates, which proved that the adhesion between the 
coatings and substrates was good. Metal nitride coatings prepared can protect 
AZ91D magnesium alloys in a short period. However, CrN and ZrN coatings would 
accelerate the corrosion process of magnesium alloy, while AlN coating can slightly 
improve the corrosion resistance of magnesium alloy with the increase of erosion 
time of the corrosive medium.  
(4) Corrosion of the bare magnesium alloy in the NaCl solution begins with local 
pitting corrosion. It turns out to be general corrosion and local galvanic corrosion 















keeps on increasing and corrosion becomes more severe with the expansion of 
galvanic corrosion. The corrosion of metal nitride coating magnesium alloys in NaCl 
solution is divided into two processes: the initial stage and the later stage. In the initial 
stage, it begins with pitting corrosion. Corrosion pits expand to the depth and breadth 
with the time increasing. In the later stage, the substrate dissolves quickly in the 
solution caused by local corrosion. A large number of hydrogen generates, which 
makes micro-cracks gradually appear and eventually the coating peels off from the 
surface of the substrate. The defects existing in the coating which is columnar 
structure are the main sites for local corrosion. The potential difference between the 
coating and the substrate is the main reason to form galvanic cell, leading to rapid 
dissolution of magnesium alloys.  
(5) Silicon nitride coating prepared is fully amorphous. The coating is proved to 
be slightly N-rich Si3N4 coating by N/Si atomic ratio of 1.4, combining the 
conclusion of XPS analysis. The coating is smooth and dense with round particles 
from the surface morphology. Cross-section morphology reveals a dense and rather 
featureless structure. Cross-cut adhesion test shows the adhesive strength between 
the coating and the substrate reached the standard rating of 4B, which is considered 
to pass the tape test.  
(6) The electrochemical method, hydrogen evolution test and salt spray test 
reveal that silicon nitride coating is of significant utility to improve corrosion 
resistance of magnesium alloy. 
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第一章 绪 论 
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密度很小，约为 1.74 g/cm3，密度约为钢的 1/5，铝的 2/3，质地轻，其晶体结构









军事领域和生物医用材料领域，被誉为“21 世纪绿色工程材料”[4]。下图 1.1 给
出了镁合金在现实生活中的一些应用实例。 
 
图 1.1 镁合金应用实例 
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